BACKGROUND: P16 methylation plays an important role in the pathogenesis of hyperoxia-induced lung fibrosis. 5-aza-2′-deoxycytidine (5-aza-CdR) is a major methyltransferasespecific inhibitor. In this study, the effects of 5-aza-CdR on a hyperoxia-induced lung fibrosis in neonatal rats were investigated. METHODS: Rat pups were exposed to 85% O 2 for 21 days of and received intraperitoneal injections of 5-aza-CdR or normal saline (NS) once every other day. Survival rates and lung coefficients were calculated. Hematoxylin-eosin staining was performed to analyze the degree of lung fibrosis. Collagen content and TGF-β1 levels were determined. A methylationspecific polymerase chain reaction and western blotting were performed to determine P16 methylation status and P16, cyclin D1, and E2F1 protein expression. RESULTS: 5-aza-CdR treatment during hyperoxia significantly improved the survival rate and weight gain, while it decreases the degree of lung fibrosis and levels of hydroxyproline and TGF-β1. Hyperoxia induced abnormal P16 methylation and 5-aza-CdR effectively reversed the hypermethylation of P16. Expression of the P16 protein in lung tissues was enhanced, while cyclin D1 and E2F1 protein were reduced by 5-aza-CdR treatment during hyperoxia. CONCLUSION: These data show that 5-aza-CdR attenuated lung fibrosis in neonatal rats exposed to hyperoxia by lowering hydroxyproline and TGF-β1 expression and via reexpression of P16 in neonatal rats.
B
ronchopulmonary dysplasia (BPD) is a chronic respiratory disease that develops in premature infants. It has significant morbidity and mortality rates (1, 2) . To date, despite antenatal steroids, pulmonary surfactant replacement therapy, gentle ventilation/nasal continuous positive airway pressure, and reduced oxygen concentrations being suggested as beneficial agents for BPD prevention (3), BPD cannot be eliminated without reducing premature births (4, 5) . Over the last two decades, the characteristics of BPD have been gradually moved from lung damage caused by aggressive mechanical ventilation and oxygen toxicity ("classical" BPD) to a pathology that is distinctly characterized by disturbances to lung development pathways ("new" BPD) (6) . Nonetheless, "classical" BPD is still prominent in larger infants after prolonged exposure to oxygen and mechanical ventilation (7) . Widespread lung fibrosis is the terminal pathological outcome of "classical" BPD (8) . Once this kind of BPD enters the lung fibrosis stage, the injury is irreversible. Thus, how to effectively prevent and alleviate lung fibrosis is the key for curing BPD.
The multifactorial nature of lung fibrosis in BPD makes it a challenging condition to treat. Özdemir et al. used resveratrol, which is a natural phytoalexin, to treat hyperoxia-induced lung injury in newborn rats. They found that although a resveratrol treatment resulted in a lower mean fibrosis score compared with saline, the results were not statistically significant (9) . Chen et al. (10) verified that aerosolized bovine lactoferrin can reduce lung injury and fibrosis in mice exposed to hyperoxia. Although multiple pharmacologic therapies have been investigated over the past two decades, there have been limited advances in the field. New treatment strategies remain promising for the prevention of hyperoxiainduced lung fibrosis.
Epigenetic regulators alter the activities and abilities of a cell without directly affecting and mutating the sequence of the DNA. DNA methylation is one of the main and most studied factors in mammalian epigenetics and is the only known natural chemical modification of DNA in mammals (11) . DNA hypomethylation may promote the expression of genes, while DNA hypermethylation may decrease or stop the expression of genes and cause them to lose function. This may result in unrestricted cell growth. Genes in static states due to methylation are sensitive to DNA methylation inhibitors, allowing gene therapy to recover the activity (12, 13) .
Some studies have suggested that DNA methylation is present in the BPD model (14) (15) (16) . Changes in methylation correspond to altered expression of several genes associated with lung development, suggesting that DNA methylation of these genes may regulate normal and abnormal alveolar septation (15) . Yue et al. found that P16 methylation occurred in the lung tissues of rats exposed to hyperoxia in the period of lung fibrosis. Additionally, hyperoxia-induced P16 methylation may downregulate P16 mRNA and protein expression of lung tissues (16) . We hypothesized that a DNA methylation inhibitor of the P16 gene would alleviate postnatal hyperoxia lung fibrosis in neonatal rats by restoring P16 gene expression. 5-aza-2′-deoxycytidine (5-aza-CdR) is the primary drug used for reversing DNA methylation. It combines with DNA during DNA replication, forms covalent complexes with DNA methyltransferase 1 (DNMT1), inhibits the methyl transfer activity of the enzyme, produces low-methyl annihilator chains, and reduces hypermethylation of the gene promoter region to recover gene activity (11, 17, 18) . Our previous study also indicated that 5-aza-CdR inhibits the growth of the LFs in hyperoxia-induced neonatal BPD rats in vitro by demethylating the P16 gene (19) . Therefore, the aim of this study was to evaluate the possible preventive effect of 5-aza-CdR in a neonatal rat model of hyperoxia lung fibrosis and to elucidate the relationship between P16 gene expression and lung fibrosis induced by hyperoxia.
METHODS
All animal experiments were conducted in accordance with principles stated in the Guide for the Care and Use of Laboratory Animals (NIH publication 8623, National Institutes of Health, Bethesda, MD, 1985) . These experiments were approved by the China Medical University Animal Research Committee.
Animals and Experimental Design
Pregnant Sprague-Dawley rats were obtained from the Center of Animal Experiments at China Medical University. A total of 95 pups born to 12 dams were randomly divided into four groups from each dam as follows: a normoxia group+NS (subjected to room air containing 21% O 2 and received saline, n = 23), a normoxia+5-azaCdR group (subjected to room air containing 21% O 2 and received 5-aza-CdR, n = 22), a hyperoxia+NS group (subjected to 85% O 2 and received saline, n = 26), and a hyperoxia+5-aza-CdR group (subjected to 85% O 2 and received 5-aza-CdR, n = 24). The experiment began on postnatal day 1 and continued until postnatal day 21 (day of birth = day 0). A hyperoxia-induced lung injury rat model of BPD was used (20) . The hyperoxia-exposed groups were placed in an oxygen chamber (Plexiglass chamber) into which oxygen was continuously delivered (FiO 2 = 0.85 ± 0.02) at a flow of 2 l/min; the groups were monitored twice daily (MT-01 Gas Monitor, Nanjing, China). 5-aza-CdR (Sigma-Aldrich Chemical, St. Louis, MO) was dissolved in NS as a 1 mg/ml solution before injection. Rat pups in the normoxia+5-aza-CdR and hyperoxia+5-aza-CdR groups received 5-aza-CdR intraperitoneally at a dose of 0.5 mg/kg/day (21) beginning on postnatal day 7 and continuing once every other day until postnatal day 21. The other rat pups in the normoxia and hyperoxia groups received only NS intraperitoneally at the same dose and time. All animals were returned to their mothers, kept in a constant environment and humidity (at 22-25°C and 60-70% humidity), and breast fed. CO 2 was removed by soda lime absorption. Nursing mothers were not treated but were rotated between room air and hyperoxia every 24 h. All animals were raised in the same room, and all other conditions were the same. On postnatal day 21, all the animals were killed by an intraperitoneal injection of pentobarbital sodium (200 mg/kg).
Survival Rate, Body Weight, Lung Wet Weight, and Lung Coefficient The weights of the rats were evaluated throughout the experiment. On day 21, the rats were killed, and the lungs were harvested and weighed. The survival rates of the rats were calculated. The lung coefficient was determined by the equation: lung coefficient = lung weight (mg)/body weight (g) × 100%.
Preparation of Specimens
The lungs of the rats were removed by thoracotomy, and the right lungs were inflation-fixed via a tracheal cannula using a 10% neutral formaldehyde solution for histological evaluation. Each lobe of the fixed lung tissue was separated, placed in cassettes, and embedded in paraffin after tissue processing. The tissues were paraffin-sectioned (5 μm) and later were stained with hematoxylin-eosin (HE). The left lungs were gently perfused with 10 ml of 0.9% saline to remove blood, placed in Eppendorf tubes, and stored in a freezer at − 80°C for biochemical analyses. Bronchoalveolar lavage fluid (BALF) was collected as previously described (22) .
Lung Histology
The radial alveolar count (RAC), an important index of alveolar development (23) , was measured using a vertical line drawn from the center of a respiratory bronchiole to the nearest pleura. Five different fields were randomly selected from each slide under light microscopy (×200 magnification). Septal thickness (ST) represents alterations in the extracellular matrix (ECM) and/or cellular components within this matrix. The mean ST was calculated by using images photographed at × 200 magnification. Images were then imported into Microsoft PowerPoint, and five parallel, equidistant lines were placed across the image. At the point where the alveolus crossed the horizontal line, the width of the septal wall was measured along its perpendicular plane (24) .
To assess the degree of interstitial pulmonary fibrosis, a paraffin lung section stained with hematoxylin and eosin was systematically scanned with a microscope using a × 40 objective. Each successive field was individually assessed for lung fibrosis severity and scored between 0 and 8 using a predetermined scale of severity: 0 score: normal lung; 1 score: minimal fibrous thickening of the alveolar or bronchiolar walls; 2-3 score: moderate thickening of the walls and obvious damage to lung architecture; 4-5 score: increased fibrosis with definite damage to lung structure and formation of fibrous bands or small fibrous masses; 6-7: severe structural distortion and large fibrous areas; and 8 score: total fibrous obliteration of the field (25) .
Hydroxyproline Content
Lung parenchyma samples from the rats were weighed and hydrolyzed at 110°C for 24 h to release hydroxyproline from collagen. The samples were then mixed with citrate-acetate buffer (5% citric acid, 1.2% glacial acetic acid, 7.25% sodium acetate, and 3.4% sodium hydroxide) and chloramine-T solution (1.4% chloramine-T, 10% N-propanol, and 80% citrate-acetate buffer). The mixture was incubated for 5 min at room temperature. After incubation, 4-(dimethylamino) benzaldehyde was added to react with a hydroxyproline chromogen. Absorbance was measured at 560 nm. Standard curves were generated for each experiment using a hydroxyproline reagent as the standard. The hydroxyproline contents of the samples were calculated based on the standards. The content of collagen in the pulmonary tissue was then expressed as micrograms of hydroxyproline per gram of wet lung weight (mg/g) (26) .
TGF-β1 Level in the BALF
The levels of TGF-β1 in the BALF were determined using a commercial enzyme-linked immunosorbent assay kit (Boster, Wuhan, China) according to the manufacturer's protocol.
Methylation-Specific Polymerase Chain Reaction
DNA from the lung tissues was extracted using the ZR Genomic DNA II kit (Zymo Research Corporation, Irvine, CA) as recommended by the manufacturer. Bisulfite modification of the genomic Articles | Zhao et al.
DNA was performed using an EZ DNA Methylation-Gold kit (Zymo Research Corporation) according to the manufacturer's instructions. PCR amplification was performed using P16 promoter gene fragment-specific primers for methylated or unmethylated DNA (Sangon Biotech, Shanghai, China). The primers used for unmethylated P16 were as follows: sense, 5′-TTTTTGGTGTTAAAGGG TGGTGTACT-3′; and antisense, 5′-CACAAA AACCCTCACTCA CAACAA-3′, which yielded a fragment of 132 bp. The primers used for methylated P16 were as follows: sense, 5′-GTGTTAAAGGGCGG CGTAGC-3′; and antisense, 5′-AAA ACCCTCACTCGCGACGA-3′, which yielded a PCR product of 122 bp. PCR was performed under the following conditions: 95°C for 4 min; 94°C for 25 s, 62°C for 25 s, and 72°C for 30 s for 25 cycles; and 72°C for 5 min. CpGenome universal methylated DNA (Millipore, Billerica, MA) was used as the control for the methylated DNA. The PCR-amplified products were separated by electrophoresis on a 2% agarose gel and visualized by ethidium bromide staining under ultraviolet light. Images were then captured.
Western Blot
Lung tissues stored in liquid nitrogen were taken out and cut into pieces of 1 cm 3 . After 200 μl of ice-cold cell lysis solution was added, the lung tissues were crushed with ultrasound in an ice-water bath, followed by centrifugation at 4°C at 8,000g for 1 h. A total of 100 μl of supernatant was aspirated and mixed with sample buffer for denaturalization at 100°C for 5 min. Samples of the same quantity were resolved using sodium dodecylsulfate-polyacrylamide gel electrophoresis and electrophoretically transferred to polyvinylidene difluoride membranes. The membranes were blocked with Trisbuffered saline with 0.1% Tween-20 (TTBS) containing 5% nonfat dry milk (NFDM) for incubation at 4°C overnight. After the membranes were washed with Tris-buffered saline (TBS), rat P16 monoclonal antibody (1:400), rat cyclin D1 monoclonal antibody (1:1,000), rat E2F1 monoclonal antibody (1:400), and rat TGF-β1 monoclonal antibody (1:800)(Santa Cruz Biotechnology, Santa Cruz, CA) were added to the membranes for a 2-h incubation in a wet box. An HRP-labeled secondary antibody (1:2,000) (Beijing Zhongshan Goldenbridge Biotechnology, Beijing, China) was then added for a 2-h incubation at an ambient temperature. After the membranes were rinsed with TTBS and TBS, enhanced chemiluminescence was used for staining. The expression level for β-actin (1:1,000)(Santa Cruz Biotechnology) was used as the internal reference. The results were quantitatively analyzed using FluorChem V2.0 (Alpha Innotech, San Jose, CA). Gray values for all protein bands were recorded.
Statistical Analyses
Values were expressed as the mean ± SD. Survival rate comparisons were performed using a log-rank test. Fibrosis scores were assessed by Student's t-test between the two groups. Differences among more than three groups were evaluated using analysis of variance (ANOVA), followed by Tukey's multiple-comparison test. Po0.05 was considered statistically significant.
RESULTS

Effects of 5-aza-CdR on Survival Rate
We started the experiment with 22-26 rat pups in each group. Compared with the normoxia rat pups, the hyperoxia groups had markedly worse survival. The survival rate of the normoxia+NS group was 100%, and the survival rate of the normoxia+5-aza-CdR group was 95.45% on postnatal day 21. Nineteen pups died in the hyperoxia+NS group, and 12 died in the hyperoxia+5-aza-CdR group during the study. The lung tissues of these animals were not included in the study. Treatment with injected 5-aza-CdR increased the survival rate to 50% after 21 days of hyperoxia exposure, which was significantly higher than the survival rate in the hyperoxia group (26.92%, Po0.05) (Figure 1 ).
Effects of 5-aza-CdR on Body Weight, Lung Wet Weight, and Lung Coefficient
The well-being of the rat pups was, in part, assessed using weight gain during the experiment. The mean birth weights of the pups in the four groups (5.0 ± 0.32 g vs. 5.1 ± 0.29 g vs. 5.1 ± 0.22 g vs. 5.0 ± 0.36 g, respectively) did not differ significantly. Compared with the normoxia groups, the body weights and wet lung weights of the hyperoxia groups were significantly reduced following 21 days of hyperoxia exposure (Po0.01). The body weight and wet lung weight of the pups in the hyperoxia+NS group were significantly lower than those in the hyperoxia+5-aza-CdR group (Po0.01). For the degree of comparative lung fibrosis, we calculated and compared the lung coefficient of the hyperoxia+NS group and the other groups. We found that the hyperoxia+NS group had a significantly higher lung coefficient than the other three groups on postnatal day 21 (Po0.01) ( Table 1) .
Effects of 5-aza-CdR on Histopathological and Morphometric Analyses
Representative lung histology images taken at × 200 magnification are shown in Figure 2a . The pulmonary alveoli of the two normoxia groups were normal, without pathological changes. At day 21 after hyperoxia exposure, there was fibroblast aggregation, increased collagen deposition, alveolar structural damage, and obvious fibrosis in the hyperoxia+NS group. The hyperoxia+5-aza-CdR group showed alleviated pathological changes and decreased pathological area compared with the hyperoxia+NS group at the same time point. To quantitate the differences between the different experimental groups, well-established morphometric analyses were performed using RAC, ST, and the mean fibrosis score. RAC and ST values were similar between the normoxia+NS and normoxia+5-aza-CdR groups. Exposure to hyperoxia decreased the RAC value and increased the ST value compared with the normoxia groups (Po0.01), and 5-azaCdR treatment resulted in a higher RAC value and a lower ST value compared with saline treatment (Po0.01) (Figure 2b) . The pulmonary alveoli of the two normoxia groups were normal, without the changes to fibrosis. The grading results for lung fibrosis in two hyperoxia groups are shown in Figure 2b . Exposure to hyperoxia resulted in a higher fibrosis score, and 5-aza-CdR treatment resulted in a lower mean fibrosis score compared with saline treatment (Po0.01).
Effects of 5-aza-CdR on Collagen Content
To test the effect of 5-aza-CdR on the content in the lung tissues, we assayed the hydroxyproline content unique to the mature collagen. The amount of hydroxyproline was significantly enhanced (Po0.01) in the hyperoxia+NS group compared with the normoxia groups. The amount of hydroxyproline in the hyperoxia+5-aza-CdR group was significantly reduced compared with the hyperoxia+NS group (Po0.01). These data indicate that treatment with 5-aza-CdR lowered the collagen content ( Figure 3) .
Effects of 5-aza-CdR on TGF-β1 in the Lung Tissues and the BALF
The profibrotic cytokine TGF-β1 plays key roles in the occurrence and development of lung fibrosis. The rats that experienced hyperoxia displayed higher levels of TGF-β1 protein expression both in the lung tissues and in the BALF on postnatal day 21 compared with the rats in the normoxia groups (Po0.01). 5-aza-CdR treatment significantly decreased the levels of TGF-β1 protein expression compared with the hyperoxia+NS group (Po0.01) (Figure 4) .
Effects of 5-aza-CdR on P16 Methylation Rate in Lung Tissues
No methylation was observed in the neonatal rats in the normoxia+NS and normoxia+5-aza-CdR groups on postnatal day 21. The P16 methylation rate was 85.71% (6/7).
And the partial methylation rate was 14.29% (1/7) in the hyperoxia+NS group. In the hyperoxia+5-aza-CdR group, no methylation was observed. Unmethylated (50%, 6/12) and Articles | Zhao et al.
partially methylated (50%, 6/12) samples were identified following treatment with 5-aza-CdR ( Figure 5 ).
Effects of 5-aza-CdR on P16 Signal Pathway
To investigate the inhibition mechanism of 5-aza-CdR, the P16 signal pathway-related proteins (P16, cyclin D1, and E2F1) were detected by Western blot. The pups that experienced hyperoxia displayed lower levels of P16 protein expression in the lung tissues on postnatal day 21 than the pups in the normoxia+NS and normoxia+5-aza-CdR groups (Po0.01). 5-aza-CdR treatment significantly increased the levels of P16 protein expression compared with the hyperoxia +NS group (Po0.01) ( Figure 6 ). We thought that 5-aza-CdR could re-establish P16 protein expression in the lung tissues of the hyperoxia+NS group. Conversely, expression of cyclin D1 and E2F1 in the hyperoxia+NS group was significantly greater compared with the normoxia+NS and normoxia+5-aza-CdR groups (Po0.01), whereas expressions of both proteins were reduced by 5-aza-CdR treatment (cyclin D1, Po0.01; E2F1, Po0.05).
DISCUSSION
From the neonatal rat models of BPD (20), we know that hyperoxia-exposed neonatal rats experience decreased alveolar septation, increased terminal air space size, and increased lung fibrosis. The changes were evident at day 7 and more pronounced at day 21. Therefore, we administered 5-aza-CdR on postnatal day 7 and continued until day 21. We found that an injection of 5-aza-CdR improved the survival of neonatal rat pups under hyperoxia conditions. These pups also exhibited greater body weights and lower lung coefficient results on postnatal day 21. In addition, 5-aza-CdR provided significant protection against lung fibrosis in the neonatal rat model of hyperoxia lung injury. Based on the values of RAC, ST, and the mean fibrosis score by HE, we found that 5-azaCdR treatment attenuated the subsequent fibrosis. In our study, no lung fibrosis was found in any of the normoxia rat pups. However, exposure to hyperoxia resulted in moderate fibrosis in the rat pups, which was similar to the previously reported results (20, 27) . We also found that 5-aza-CdR treatment in the neonatal rats exposed to hyperoxia was associated with improved fibrosis compared with the hyperoxia+NS group. Lung fibrosis is a common response to various injuries to the lung and is characterized by excessive production of the ECM, which replaces the normal functional parenchyma. Collagen is the major ECM component of the lungs and is vital for maintaining the normal lung architecture (28) . In our study, collagen content was significantly decreased after 5-aza-CdR treatment. TGF-β1 plays important regulatory roles in lung fibrosis, can induce fibroblast migration, proliferation, and differentiation of myofibroblasts, and deposition of the ECM (29) . It has been well documented that TGF-β1 induces collagen synthesis from LFs which is critical in the formation of fibroproliferative lung lesion. In the present study, hyperoxia upregulated the hydroxyproline level in the lung tissue and the TGF-β1 level in both the BALF and the lung tissue, 5-aza-CdR treatment significantly decreased TGF-β1 levels in the lung tissue, and inhibited the synthesis of collagen (30) . Therefore, these results show that 5-aza-CdR is effective in treating and alleviating hyperoxia lung fibrosis in histopathological and biochemical studies. Then, what is the mechanism of 5-azaCdR in the treatment of hyperoxia lung fibrosis? The P16/cyclin D1/CDK4,6/pRB/E2F1 pathway, a key regulator of the critical G1 to S-phase transition of the cell cycle, is universally disrupted in cell proliferation. P16 is a cyclin-dependent kinase inhibitor that plays important roles in this process. P16 positively regulates the expression of cyclin D1 and the transcription factor E2F1 at the posttranscriptional level (31). Yue et al. found that a significant decrease in P16 expression in the lung tissues in rats exposed to hyperoxia and high DNA methylation at the P16 promoter region are the main reasons for P16 transcription inactivation. Hyperoxia induced abnormal P16 methylation in the postexposure period. As the exposure was extended, the methylation level gradually increased and reached a peak in the period of maximum lung fibrosis (16) . DNA methylation is a general regulation method of gene replication in mammals. It controls gene transcription and does not require any changes to the DNA sequence. For eukaryotes, DNA methylation is catalyzed by DNMTs, a process in which methylation of the cytosine at cytosinephosphate-guanosine (CpG) promoter sites silences the expression of genes (32) . Under normal conditions, the CpG sequences of promoters for tissue-specific genes are unmethylated or in a low-methylated condition. Methylation tends to occur when various types of damage occur, which contribute to gene silencing and promote abnormal cell proliferation (33, 34) .
5-aza-CdR was found 25 years ago to specifically inhibit DNA methylation by trapping DNA methyltransferases (MTases) (35) . It is currently the primary drug for reversing DNA methylation. Recent studies have shown that the epigenetic inhibitor 5-aza-CdR mitigates renal and lung fibrosis by reducing the hypermethylation of genes associated with fibroblast activation and myofibroblast differentiation, respectively (21, 36) . In our previous study, we also found that treatment of the hyperoxia-exposed LFs with 5-aza-CdR resulted in the loss of methylcytosine in the CpG island of the P16 gene, the recovery of P16 gene expression, and the suppression of the growth and proliferation of LFs by restraining cells at G0/G1 (19) . These results suggested that 5-aza-CdR might be a potential tool in the prevention and treatment of hyperoxia-induced lung fibrosis.
In this work, we show that 5-aza-CdR therapy attenuates hyperoxia-induced lung fibrosis via re-expression of P16 in neonatal rats. We found that neither the normoxia+NS nor normoxia+5-aza-CdR group had P16 methylation. Normal cell genes are not controlled by a CpG island. Therefore, the inhibition of methylation does not affect the expression of genes in normal cells. Thus, P16 protein levels were not different between the normoxia+NS and normoxia+5-azaCdR groups. In the hyperoxia+NS group, the P16 methylation rate was 85.71%, and the P16 partial methylation rate was 14.29%, which is consistent with a previous study (16) . This demonstrated that hyperoxia exposure led to abnormal P16 methylation in lung tissues. As a DNA methyltransferase inhibitor, 5-aza-CdR treatment can reverse the methylation status of the P16 gene in the lung tissue. The P16 protein levels in the hyperoxia+NS group significantly decreased compared with the normoxia groups. After 5-aza-CdR treatment, P16 protein levels increased in the hyperoxia+5-aza-CdR group. These findings demonstrate that 5-aza-CdR enables the reexpression of P16. In parallel, hyperoxia upregulated the protein levels of both cyclin D1 and E2F1 in lung tissue, and 5-aza-CdR treatment significantly decreased these levels. These results suggest that 5-aza-CdR might attenuate hyperoxia-induced lung fibrosis via the P16/ cyclin D1/CDK4,6/pRB/E2F1 signal pathway.
These results suggested that 5-aza-CdR might be a potential approach in the prevention and treatment of "classical" BPD. The Federal Drug Administration has approved 5-aza-CdR for the treatment of myelodysplastic syndrome. There were reports that 5-aza-CdR had been used to therapy for progressed, relapsed, or refractory tumors in children (37, 38) . 5-aza-CdR is a cytotoxic drug with some side effects when using at toxic doses, such as leucopenia, thrombocytopenia, weight loss, and so on Can it be used in neonates, especially in preterm infants? Clinical efficacy, tolerability in vivo, and the best compatibility dose need further research, before it can be used in BPD treatment.
